The insulin receptor substrates are intracellular proteins that are phosphorylated by the insulin receptor and mediate the actions of insulin. Insulin receptor substrate (IRS)-1 has been well characterized and shown to mediate several cellular responses including mitogenesis, protein synthesis and glucose transport during insulin stimulation [1] . Consequently, IRS-1 represented a candidate gene for insulin resistance in Type II (non-insulin-dependent) diabetes mellitus. Although variants in the IRS-1 gene were described, these mutations only accounted for a small proportion of Type II diabetes [2] . Disruption of the IRS-1 gene in mice resulted in mild insulin resistance with normal basal glucose concentrations and fasting hyperinsulinaemia [3] . Diabetes did not develop at any time in the IRS-1 deficient mice. Concomitantly, another protein was discovered as an interleukin (IL)4 receptor substrate and was subsequently found to be an insulin receptor substrate also phosphorylated in the IRS-1 deficient mouse. This protein was designated as IRS-2 [4]. It has been suggested that the insulin resistance caused by the absence of IRS-1 may be compensated through IRS-2 and high insulin production, resulting in a non-diabetic phenotype [1] .
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Summary Insulin receptor substrate 2 (IRS-2) is a substrate of the insulin receptor and mediates the action of the insulin. Disruption of the IRS-2 gene in mice results in peripheral insulin resistance and relative insulin deficiency. It is therefore possible that defects in the IRS-2 gene contribute to Type II (non-insulin-dependent) diabetes mellitus. We have examined the gene for evidence of linkage to Type II diabetes in Ashkenazi Jewish families. Radiation hybrid panel mapping was used to refine the map position of the IRS-2 gene and, in the absence of polymorphic markers within the gene, to identify nearby markers. The IRS-2 gene was placed 23cR from the marker D13S1265 on chromosome 13q34. 200 affected sibpairs were genotyped for three markers across the region. Nonparametric linkage analysis (GENEHUN-TER) used with this data found no evidence of excess allele sharing in the IRS-2 gene region. We therefore concluded that variation in the IRS-2 gene is unlikely to contribute to Type II diabetes in this discrete Caucasian population. [Diabetologia (1998) 
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Type II diabetes is a complex multifactorial disorder whose mode of inheritance is not established. Nonparametric linkage analysis, where no assumptions are made for variables such as mode of inheritance, disease frequency and penetrance, was done using the program GENEHUNTER to identify excess allele sharing in the region of the IRS-2 gene. In this study we have mapped the human IRS-2 gene and defined a nearby polymorphic marker. Three markers spanning a 16.9 centimorgan (cM) region flanking the IRS-2 locus were used for linkage analysis in families of Ashkenazi Jewish origin with Type II diabetes.
Subjects and methods
Subjects. The study sample included 150 families of Ashkenazi Jewish origin with at least one sib-pair presenting with Type II diabetes. Ashkenazi Jewish descent was defined as having all four grandparents born in, or descendent from ancestors born in any of the countries of Eastern Europe. Diabetes was defined according to WHO criteria [6] . Late onset Type I (insulin-dependent) diabetes mellitus was avoided by including only patients who had been treated by diet alone or oral agents for at least 2 years after diagnosis. These criteria, combined with the low relative incidence of Type I diabetes in this population should result in a very low rate of incidence of Type I diabetes among study subjects. Since the genetic component of Type II diabetes is greater in relatively early onset disease, we only included families in which at least one affected sibling was diagnosed with Type II diabetes before the age of 55 years. Furthermore, in order to enhance the phenotypic similarity of disease within the families, the difference in age at diagnosis of diabetes in any sib pair had to be less than 10 years. The likelihood of bilineal inheritance was decreased by excluding families in which both parents were known to have diabetes. DNA was isolated from peripheral blood lymphocytes using the Puregene kit (Gentra Systems Inc., N. C., USA). The project was approved by the ethics committees of Washington University School of Medicine and Hadassah University Hospital and written informed consent was obtained from all subjects.
Radiation hybrid mapping. The Stanford G3 panel (Research Genetics, Huntsville, Ala., USA) was screened in duplicate by polymerase chain reaction (PCR) amplification (annealing temperature 56°C, MgCl 2 concentration 1.5 mmol/l) with primer sequences 5 ¢-GCCGCAACCGCCGCGGCTCG-3 ¢¢ (forward) and 5 ¢-GCGGCCGCGCGGCC CTCGCTGACC-3 ¢ (reverse) of the IRS-2 gene. The PCR products were analysed on agarose gels (Life Technologies Inc, Gaithersburg, Md., USA) and results were submitted to the Stanford Human Genome Center for linkage analysis.
Genotyping. The regions containing D13S1265 and two flanking markers, D13S286 and D13S285, were amplified by PCR using primer sequences published by Genethon (http:// www.genethon.fr/genethon_en.html). Genomic DNA (100 ng in 10 ml reactions) was amplified (annealing temperature 55°C, MgCl 2 concentration of 1.5 mmol/l ) with 1Ci [a-33 P] dATP at 1000 mCi/mmol (NEN, Life Science Products, Boston, Mass., USA). The PCR products (3.5 ml) were electrophoresed on 6 % denaturing polyacrylamide gels (Fisher Scientific, N. J., USA) and autoradiographed (Hyperfilm MP, Amersham, Arlington heights, Ill., USA). Control DNA of people from the Centre d'Etude du Polymorphisme Humain database was included in each gel. Alleles were read double blind.
Statistical analysis. Nonparametric multipoint linkage analysis was done using the program GENEHUNTER [7] to test for linkage in the IRS-2 gene region. Genotype data from 200 affected sib pairs were used in the analysis. Marker allele frequencies were estimated from unrelated study subjects. Multipoint sib-pair exclusion mapping, using all possible sib-pairs, was carried out with Mapmaker/SIBS [8] for arbitrarily chosen l s values ranging from 1.5 to 2.0.
Results
Mapping with radiation hybrid panels placed the IRS-2 gene 23.6 cR from the microsatellite D13S1265 on chromosome 13 q (Logarithm of odds [LOD] score > 3). According to Genethon, D13S1265 maps to 101.7 cM from the top of chromosome 13. The maximum nonparametric linkage (NPL) score obtained from multipoint analysis of the IRS-2 gene region with GENEHUNTER was 0.45 (p = 0.32) ( Table 1) indicating no excess of allele sharing across the IRS-2 gene region. Exclusion analysis with Mapmaker/SIBS (Table 2) indicated that all three markers in the region could be excluded for l s value of 1.7 or more (LOD scores < ±2). Marker D13S1265 could not be excluded for a l s value of 1.5.
Discussion
To assess the possible involvement of the IRS-2 gene in susceptibility to Type II diabetes, linkage analysis was done by genotyping Ashkenazi Jewish families. Ashkenazi descent was defined as the subset of Caucasian Jews from Poland, Russia, Rumania, Germany and other Eastern European countries. This ethnic group was chosen because of its relative genetic homogeneity, as evidenced by the occurrence of founder mutations for a number of inherited diseases [9] . The organization of the human IRS-2 gene has recently been defined [4] . It consists of a single exon that was mapped to chromosome 13q34 by fluorescent in situ hybridization [10] . The gene does not contain polymorphic microsatellite markers which could be used in linkage analysis. We therefore have used radiation hybrid mapping with the Stanford G3 panel to uniquely place the gene within a framework of polymorphic markers. Results obtained from hybrid panel mapping enabled us to select microsatellite markers across a 16.9 cM region of chromosome 13q34 to be used in linkage analysis of the IRS-2 gene region. The NPL scores from nonparametric linkage analysis did not show a significant increase in allele sharing across the IRS-2 gene region. Exclusion analysis showed that linkage could not be excluded at a l s of 1.5 for the marker linked to the IRS-2 gene. Our data excludes a major role for this gene in susceptibility to Type II diabetes in Ashkenazi Jews. The possibility of a minor role of the IRS-2 gene in a polygenic model, however, cannot be excluded, likewise the contribution of this gene to diabetes in other racial and ethnic groups, or in other forms of diabetes such as MODY. Although the results of these studies do indicate that there is no variation within the immediate region of the IRS-2 gene controlling expression, they do not eliminate the possibility of changes in expression of an otherwise normal IRS-2 protein due to mutations in genes responsible for mediation of IRS-2 expression.
